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^ (54) Title: HEAT-INSULATING AND SOUND- ABSORBING LINING FOR THE ENGINE COMPARTMENT OF MOTOR VE- 
HICLES 

(57) Abstract: The present invention relates to a heat-insulating and sound-absorbing lining for the engine compartment of, for 
example, mo to vehicles, and to a method for the preparation thereof. The heat-insulating and sound-absorbing lining for the engine 
compartment of motor vehicles consists of a microperforated heat reflector (1) on the engine side, in contact therewith a pol5mrethane 
foam layer (2) impregnated on the engine side with a thermoset material having a long-term temperature resistance of 200**C, espe- 
}^ cially 150°C, for three weeks, and in contact therewith a cover layer (3) facing away from the engine side. 
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Heat-Insulating and Sound-Absorbing Lining 
for the Engine Compartment of Motor Vehicles 

The present invention relates to a heat-insulating and sound-absorbing 
lining for the engine compartment of, for example, motor vehicles, and to 
a method for the preparation thereof. 

In the engine compartment of modern vehicles, in both passenger and 
utility fields, sound-absorbing parts in the form ■ of absorbers are 
increasingly employed for reducing engine noise. These absorbers, which 
are predominantly designed as formed parts, have an influence on the 
exterior and interior noise of the vehicles. In the region of, for example, 
exhaust manifolds or exhaust gas recirculation systems, these parts are 
subject to a higher thermal load. The formed parts predominantly 
employed today which are made of non-woven fabrics (e.g., of cotton) or 
of PU foam typically have deflection temperatures under load of up to 
about 160 °C. For higher thermal loads, these formed parts are partially 
or completely backed with aluminum foils as heat reflectors on the 
surface facing the heat source in order to protect the non-woven fabrics 
lying behind. 

Thus, it is known to protect installed parts in particularly heat-loaded 
zones by backing with aluminum foils. Such installed parts are known 
from DE-U-87 00 919. However, this has a drawback In that the sound- 
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absorbing effect of the installed part under the aluminum backing is lost 
since the sound cannot penetrate the aluminum foils. 

From DE 36 01 204 A, an absorptive formed part consisting of several 
layers of non-woven is known which may serve for noise-damping linings 
for the engine compartment of motor vehicles. The absorptive formed 
part consists of a cover layer of plastic fibers on the engine side, a 
contiguous heat-insulating and sound-absorbing layer of inorganic fibrous 
material having a high deflection temperature, and another absorbing 
layer of organic fibers. 

DE 38 18 301 C also describes a noise-damping formed part for the 
engine compartment of motor vehicles in which an inorganic fibrous 
material bonded by a binder and having a high deflection temperature is 
covered, on the engine side, with a carbon fibrous material through a 
bonding agent containing a melamine resin. This formed part is said to 
have a good sound absorption and to be also suitable as a thermal 
insulation in a temperature range of up to about 500 It is further 
intended that the formed part is provided with a layer of carbon fibers 
towards the body. This carbon fibrous layer is said to provide some 
mechanical protection for a sensitive layer of inorganic fibrous material. 

DE 42 11 409 Al relates to a self-supporting, heat-insulating and sound- 
absorbing lining for combustion engines of motor vehicles which consists 
of several layers compression-molded under the action of pressure and 
heat to form zones having a predefined compression. On the engine side, 
the lining consists of a thicker heat-Insulating and sound-absorbing layer 
of an inorganic fibrous material which is covered by a carbon fibrous 
material. A thicker layer of inorganic fibrous material facing away from 
the engine will cure into a self-supporting support layer. On the body 
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side, this support layer be covered with a layer of a polyester non-woven 
or polyacrylonitrile fibers. 

A heat-insulating and sound-absorbing lining which is also often 
employed In the autonnobile field is based on melamine resin foams to 
which temperature-resistant cover layers are applied on one or both 
sides. According to DIN 4102, melamine resin foams are considered 
flame-resistant, and due to their behavior in fire, are to be classified into 
class Bl. Due to its long-term thermal stability of -40 °C to 150 °C and 
its long-term temperature resistance of 200 °C for three weeks, this 
material is particularly suitable for preparing linings for the engine 
compartment of motor vehicles. 

WO 99/58833 relates to a heat-insulating and sound-absorbing lining for 
the engine compartment of motor vehicles, and a method for Its 
preparation. The lining consists of a cover layer 1 on the engine side, and 
in contact therewith an acoustically insulating thermoset foam layer 2 
having a long-term thermal stability of up to 180 °C and a long-term 
temperature resistance of 200 °C for three weelcs, of a thickness of less 
than 5 mm, and In contact therewith an acoustically insulating layer 3 of 
plastic foam, particle composite foam or non-woven fabric, consisting of 
native or synthetic fibers and mixtures thereof, needled or not, and in 
contact therewith a cover layer 4 facing away from the engine side. 

However, the above structure is extraordinarily expensive so that it has 
been the object of the present invention to provide linings for the engine 
compartment of motor vehicles which are comparable therewith 
regarding the heat insulation and sound absorption, but involving a 
significant reduction in costs as compared to the prior art. 
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In a first embodiment, tlie above object is achieved by linings for the 
engine compartment of motor vehicles, consisting of a mlcroperforated 
heat reflector 1 on the engine side, in contact therewith a polyurethane 
foam layer 2 impregnated on the engine side with a thermoset material 
having a long-term temperature resistance of 200 °C, especially 150 ^C, 
for three weeks, and in contact with said foam layer 2, a cover layer 3 
facing away from the engine side. The thermoset material can be directly 
applied to the component part as a dispersion or powder, or prepared 
from the corresponding monomers "in situ" on the component part by a 
cross-linking reaction. 

Thus, the lining parts according to the invention are particularly suitable 
for the lining of installed parts, body parts or the like of automobiles, 
heat-emitting machines and aggregates, especially sound-absorbing 
elements, for the protection against too high thermal loads from machine 
guides, catalytic converter parts or the like, especially in the engine 
compartment of nriotor vehicles. 

The core idea of the present Invention has been to partly replace the 
relatively expensive thermoset foam material of foam layer 2 having an 
Integral structure by less expensive materials without adversely affecting 
the heat-insulating and sound-absorbing properties. Also, of course, a 
deterioration of the thermal behavior is not acceptable. Thus, the lining 
parts according to the invention have an improved capability of reducing 
the noise produced on and in the vehicle. For example, a corresponding 
sound-insulating front access door can reduce sound transmission 
through the front access door. The geometry of the lining part depends 
on the interior side of the front access door and the space conditions in 
the engine compartment. The lining parts are attached, for example, by 
engaging them into a hole pattern in the interior zone of the front access 
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door. They are held by as few spreading rivets as possible. In the region 
of the bulkheads within the engine compartment, it is possible, according 
to the invention, to apply lining parts between the body and the engine, 
the lining parts preferably being attached to the body using coarse thread 
bolts or snap fasteners (or sheet metal nuts). 

The lining parts serve for sound absorption of the engine noise. For this 
component part, the thermal conditions, above all in the region of an 
engine-near catalytic converter, are to be observed. 

In the region of the wheel housing in the engine compartment, the lining 
parts according to the invention on the engine side are positioned, for 
example, in the air collection space. They prevent engine noise from 
intruding into the interior space and are preferably also attached with 
coarse thread bolts or snap fasteners. In the region of the bulkhead of 
the engine compartment, the lining parts according to the invention 
serve, for example, for covering the body-in-white from the cross 
member bulkhead or disk gap to the level of the tunnel for completing 
the underside paneling. Optionally, the lining parts may contain openings 
for ducts of the air conditioning system. In the region of the tunnel 
exterior, the lining parts according to the invention may also be inserted 
between the transmission or the exhaust gas train and the floor pan. In 
this case too, it is particularly preferred according to the invention to 
attach them with coarse thread bolts and/or snap fasteners, for example, 
sheet metal nuts. 

When the lining parts according to the invention are employed in the 
region above the clean-air panel, it is covered from above and is then 
attached there. It is then positioned above the left and right bulkheads of 
the engine compartment. 
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There is no drop of strength below the initial value by the action of heat 
when used as directed. 

The maximum allowable temperature of the lining parts on the engine 
side, facing away from the sheet, is at least on the same order of 
magnitude as that of lining parts which exclusively consist of melamine 
resin layers backed on one or both sides, and even at a higher 
temperature due to the presence of the heat reflector. 

The heat reflector 1 on the engine side consists, for example, partially or 
throughout of a metal foil in the region of increased thermal load. For 
absorbers known in the prior art, a layer thickness of the aluminum foil of 
250 pm or more is usually chosen. Accordingly, it is also possible 
according to the present invention to employ aluminum foils with a layer 
thickness in the range of from 50 to 500 pm. However, it is particularly 
preferred according to the present invention to employ aluminum foils 
with a layer thickness in the range of from 50 to 100 pm. Such a low 
layer thickness can be used because the remaining components of the 
laminate according to the invention are also capable of serving static 
functions. 

Due to the microperforation of the heat reflector 1, on the one hand, the 
function as a heat reflector is retained, but on the other hand, 
permeability to sound waves is achieved in this region so that the 
thermoset materials on the side of the heat reflector 1 facing towards the 
sound source including the PUR foam remain acoustically effective. 

Therefore, it is particularly preferred according to the invention to use 
linings in the vehicle field which are characterized in that the heat 
reflector 1 has a proportion of perforated area with microperforations of 
from 0.2 to 4%, especially 0.3 to 2%, based on the surface area of the 
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foil. Of course, it is possible to provide tliem with different or equal 
proportions of perforated area. The perforations can be made in tlie 
microperforated foil in any geometry by metliods per se known in tlie 
prior art, for example, by punching or laser irradiation. 

If the proportion of perforated area is selected too low, a sound- 
absorbing effect is not provided, or only insufficiently so, while on the 
other hand, when the proportion of perforated area is selected too high, 
the sound-absorbing effect is again decreasing. 

Preferably, the linings in the , vehicle field according to the invention 
comprise perforations in the heat reflector 1 having one or more 
diameters within a range of from 0.05 mm to 2 mm, especially from 
0.1 mm to 0.8 mnri, and one or more perforation spacings within a range 
of from 1 mm to 3 mm, especially from 2 mm to 20 mm. 

It is particularly preferred according to the present invention when the 
foam layer 2 consists of a flexible open-cell foam of polyurethane with a 
bulk density of, for example, 15 kg/m^ ± 1.5 kg/m^. 

From the three-dimensional structure and the starting product, an 
attractive property profile results which is characterized by the following 
properties: 

a high sound-absorbing capacity; 
long-term temperature resistance: 200 
behavior in fire: Bl according to DIN 4102 
bulk density: 10 kg/m^ ± 1.5 kg/m^ 
thermal conductivity "lambda"io < 0.035 W/mK 
high flexibility 

shaping by molding and cutting 
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easy processing 
low-cost preparation. 

The PU nnaterial is usually supplied in a block form to the processor who 
can prepare fornned parts for a wide variety of applications by cutting and 
molding. From the versatile property profile, a broad range of applications 
result. The actual advantages of the product result from a combination of 
different properties. 

Optionally, layer 2 may have a grid-type profile, especially on the 
interface with the decorative layer 3. The profile is preferably made from 
one side; It may consist, for example, of convex projections on one side 
represented as cones or pyramids. By a material- and cost-saving "nap 
cutting technique", excellent acoustic values can be achieved through a 
hollow chamber principle. 

Of course, heat transmission values and acoustic properties can be 
extensively controlled by the thickness of the layers. 

Preferably, the lining is characterized in that the foam layer (2), in the 
impregnated state, has a basis weight of from 50 to 1500 g/m^ 
especially from 200 to 1000 g/m^. 

Preferably, the lining is characterized in that the foam layer (2), in the 
impregnated state after curing of the thermosetting material, has a basis 
weight of from 30 to 1200 g/m^, especially from 150 to 800 g/m^. 

Preferably, the lining Is characterized in that the foam layer (2) has a flow 
resistance according to DIN of from 200 to 10,000 Ns/m^ especially from 
500 to 5000 Ns/m^. 
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Preferably, the lining is characterized in that the layer thickness of foam 
layer (2) is up to 20 nnm, especially up to 10 mm. 

The cover layer 3 serves to protect from mechanical damage. It is 
particularly preferred to employ, for example, a thin needled non-woven 
fabric or spun-bonded fabric to protect the mold from soiling. The layer 
thickness should preferably be from 30 to 200 g/m^. The layer thickness 
of the respective layers can be varied widely depending on requirements. 
Thus, it is particularly preferred according to the present Invention that 
the layer thickness of the textile fabrics is from 0.5 to 1.5 mm. In 
addition, it is particularly preferred that the textile fabric has a basis 
weight of from 30 to 200 g/m^. The textile fabric serves especially as a 
mechanical protection for the foam layer 2, which is known to have a low 
strength. The oleophobic and hydrophobic character of the fibers protects 
the further layers present in the lining. 

Preferably, the lining is characterized in that layers (2) and (3) are 
interconnected by an adhesive layer. 

The formed parts according to the invention are preferably employed in 
the region of the bulkhead of engine compartments or in the region of the 
transmission tunnel of motor vehicles. 

The formed parts according to the Invention are prepared as usual by a 
thermoforming process so that tools and production means per se known 
in the prior art can be further employed for a given material conversion. 

It is particularly preferred according to the present invention to prepare 
the linings by: 
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a) coating a thermosetting material in the form of a dispersion onto 
one side of a polyurethane foam board using a doctor blade, roll, 
foam or in a reverse process while the foam board is upset by the 
coating tool; 

b) drying the semi-finished product obtained in step a) at least 
partially or completely with evaporation of water; 

c) laying the cover layer 3 on top of the uncoated surface of foam 
layer 2; 

d) contacting the semi-finished product obtained in step c) with a 
preform of the heat reflector 1; and 

e) bonding foam layer 2 with the heat reflector 1 and the cover layer 
3 by heating, cross-linking and adhesive bonding, optionally under 
pressure, in one step or in several steps, and curing the 
thermosetting material. 

Examples: 

A 20 mm thick panel of semi-rigid PU foam material having a basis weight 
of about 300 g/m^ was coated with a mixture of 200 g of water and 
200 g of melamlne resin (Madurit®) per square meter using a doctor 
blade and with application of a slight pressure. The melamine resin 
penetrated into the PU foam layer to about 3 to 5 mm. 



In another step, the coated foam material was dried at a temperature of 
about 80 to 100 °C. Then, in the subsequent compressing process, the 
thermosetting material cross-linked at an elevated temperature. 
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A commercially available adhesive was applied to the uncoated side of the 
foam material at about 60 g/m^. Then, a cover layer of PES was applied 
at a basis weight of about 120 g/m^. The thus obtained semi-finished 
product was laminated with a microperforated aluminum foil having a 
thicl<ness of 0.15 mm and a proportion of perforated area of 0.36% and 
an average perforation diameter of 0.35 mm in a three-dimensional mold 
under increased pressure (press with 80 t of locking force; 120 s) and at 
an elevated temperature (190 °C) to yield a molded part, whereby the 
above mentioned layer thickness values could be achieved. 

It was found that the thus prepared layer structure could withstand a 
thermal load of 200 °C, comparable with a thermal load from the engine 
side of the same temperature, for more than 3 weeks with no discernible 
changes. 
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1. A heat-insulating and sound-absorbing lining for tlie engine 
compartment of motor vehicles, consisting of a microperforated 
heat reflector (1) on the engine side, in contact therewith a 
polyurethane foam layer (2) impregnated on the engine side with a 
thermoset material having a long-term temperature resistance of 
200 °C, especially 150 °C, for three weeks, and in contact 
therewith a cover layer (3) facing away from the engine side. 

2. The lining according to claim 1, characterized in that the heat 
reflector (1) has a layer thickness of from 0.1 to 0.5 mm, especially 
from 0.2 to 0.4 mm. 

3,. The lining according to claim 1 or 2, characterized In that the heat 
reflector (1) has a proportion of perforated area of from 0.2 to 4%, 
especially 0.3 to 2%, based on the surface area of the absorber. 

4. The lining according to claim 1 or 2, characterized in that the 
microperforations of the heat reflector (1) have one or more 
diameters within a range of from 0.05 mm to 2 mm, especially 
from 0.1 mm to 0.8 mm, and one or more perforation spacings 
within a range of from 1 mm to 3 mm. 

5. The lining according to claim 1 or 2, characterized in that the heat 
reflector (1) has a proportion of perforated area with 
microperforation of from 0.2 to 4% and optionally a proportion of 
perforated area with macroperforation of from 2 to 20%, based on 
the surface area of the foil. 
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6. The lining according to claim 1 or 2, characterized in that the 
perforations of the microperforation are homogeneously distributed 
over the surface of the heat reflector (1), or concentrated on one or 
more sites of the heat reflector (1) with equal diameters of the 
perforations and equal open surface areas. 

7. The lining according to any of claims 1 to 6, characterized in that 
the heat reflector (1) comprises a microperforated aluminum foil. 

8. The lining according to claim 1, characterized in that the foam layer 
(2), in the impregnated state, has a basis weight of from 50 to 
1500 g/m^, especially from 200 to 1000 g/m^. 

9. The lining according to claim 1, characterized in that the foam layer 
(2), in the impregnated state after curing of the thermosetting 
material, has a basis weight of from 30 to 1200 g/m^ especially 
from 150 to 800 g/m^. 

10. The lining according to claim 1, characterized in that the foam layer 
(2) has a flow resistance according to DIN of from 200 to 10,000 
Ns/m^, especially from 500 to 5000 Ns/m^. 

11. The lining according to claim 1, characterized in that the layer 
thickness of foam layer (2) is up to 20 mm, especially up to 
10 mm. 

12. The lining according to claim 1, characterized in that the cover 
layer (3) consists of a PES non-woven fabric, a glass-fiber non- 
woven fabric, a carbon non-woven fabric, a ceramic non-woven 
fabric and/or a mineral fiber non-woven fabric. 
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13. The lining according to claim 1, chal-acterized in that the cover 
layer (3) consists of a needled non-woven fabric or spun-bonded 
fabric, especially with a basis weight of from 30 to 200 g/m^. 

14. The lining according to any of claims 1 to 13, characterized in that 
the layers (2) and (3) are interconnected through an adhesive 
layer. 

15. A method for the preparation of linings as defined in any of claims 1 
to 14, characterized by: 

a) coating a thermosetting material in the form of a dispersion 
onto one side of a poiyurethane foam board using a doctor 
blade, roll, foam or in a reverse process while the foam board 
is upset by the coating tool; 

b) drying the semi-finished product obtained in step a) at least 
partially or completely with evaporation of water; 

c) laying the cover layer (3) on top of the uncoated surface of 
foam layer (2); 

d) contacting the semi-finished product obtained in step c) with 
a preform of the heat reflector (1); and 

e) bonding foam layer (2) with the heat reflector (1) and the 
cover layer (3) by heating, cross-linking and adhesive 
bonding, optionally under pressure, in one step or in several 
steps, and curing the thermosetting material. 
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16. Use of linings as defined in any of claims 1 to 14 in the region of 
the bulkhead of engine compartments or in the region of the 
transmission tunnel of motor vehicles. 
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ABSTRACTED-PUB-NO: WO 03021096 Al 



BASIC-ABSTRACT : 

NOVELTY - A heat-insulating and sound-absorbing engine 
compartment lining consists of microperf orated heat 
reflector in contact with a polyurethane foam layer 

which is impregnated with thermoset material on engine 
side and provided with cover layer facing away from 
engine side. The thermoset material has long-term 
temperature resistance of 200 degrees C (preferably 150 
degrees C) for three weeks. 

DESCRIPTION - An INDEPENDENT CLAIM is also included for 
making of lining by coating a thermosetting material in 
the form of dispersion on one side of polyurethane foam 
board using a doctor blade, roll, foam, or in a reverse 
process while the foam board is upset by the coating 
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tool; drying the semi-finished product with evaporation 
of water; laying a cover layer on top of the uncoated 
surface of foam layer; contacting the semi-finished 
product with a pre-form of heat reflector; and bonding 
the foam layer with the heat reflector and cover layer 
by heating, cross-linking and adhesive bonding , 
optionally under pressure, and curing the thermosetting 
material • 

USE - For use in the region of the bulkhead of engine 
compartment or in the region of the transmission tunnel 
of motor vehicles (claimed) . 

ADVANTAGE - The lining can withstand a thermal load of 

200 degrees C for more than 3 weeks with no discernible 
changes . It exhibits high sound-absorbing capacity and 
high flexibility. It can be easily manufactured at low 
cost . 

EQUIVALENT-ABSTRACTS : 

MECHANICAL ENGINEERING 

Preferred Components: The foam and cover layers are 
interconnected through an adhesive layer. The 
microperf orations of heat reflector have diameter of 
0.05-2 (preferably 0.1-0.8) mm^ and perforation spacing 
of 1-3 mm. The perforations are homogeneously 
distributed over the heat reflector surface, or 
concentrated on at least one heat reflector site with 
equal perforation diameter and equal open surface areas. 

Preferred Dimensions: The heat reflector has a thickness 
of 0.1-0.5 (preferably 0.2-0.4) mm. The foam layer has a 
thickness of up to 20 (preferably up to 10) mm. The heat 
reflector has a proportion of perforated area of 0.2-4% 
(preferably approximately 0.3-2%) and optionally a 
proportion of perforated area with microperf oration of 2- 
20%. 

Preferred Properties: In impregnated state, the foam 
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layer has a basis weight of 50-1500 (preferably 200- 
1000) g/m2 . After curing of thermosetting material, the 

foam layer has a basis weight of 30-1200 (preferably 150- 
800) g/m2. The foam layer has a flow resistance of 200- 
10000 (preferably 500-5000) Ns/m3 according to DIN. 

TEXTILES AND PAPER 

Preferred Materials: The cover layer comprises 
polyethylene sulfide non-woven fabric, glass-fiber non- 
woven fabric, carbon non-woven fabric, ceramic non-woven 
fabric and/or mineral fiber non-woven fabric, or 
preferably non-woven or spun-bonded fabric having a 
basis weight of 30-200 g/m2 . 

TITLE-TEPMS : HEAT INSULATE SOUND ABSORB LINING ENGINE 

COMPARTMENT MOTOR VEHICLE REFLECT CONTACT 
POLYURETHANE FOAM LAYER SIDE COVER FACE 
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B3930 B3838 B3747; Q9999 
Q9234 Q9212; Q9999 Q9289 
Q9212; K9416; K9574 K9483; 
K9676*R; 

Polymer Index [2.1] 018 ; 
H0328; L9999 L2391; L9999 
L2073; M9999 M2073; 
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